In a previous publication the writer had shown that when a piece of stem of Bryophyllura is cut out from a plant and suspended horizontally in a moist atmosphere, the stem bends, the lower side becoming convex, the upper concave. He was able to prove that this geotropic curvature is a phenomenon of growth, the cortical tissues of the lower side of the stem growing more rapidly in length than the cortical tissues on the upper side of the stem or than the tissues of the wood. He was also able to show that the geotropic curvature is more rapid when the piece of stem possesses one or two apical leaves than when it is free from leaves. 1
so that the two pieces of stem had approximately equal masses. The leaf of one half stem was left intact, while that of the other was reduced in size (Fig. 1) . Both leaves dipped into water. Fig. 1 shows the appearance of the stems after 12 days. The pieces of stem attached to a large leaf had formed a callus and were geotropically bent, while the others had undergone no or little geotropic curvature and showed no or only traces of callus formation. At the end of the experiment, which lasted from April 13 to April 28, 1923 , the dry weight of the whole leaves was 2.573 gin. and that of the reduced FIG. 1. Influence of mass of leaf on callus formation and geotropic curvature of stem. April 13 to April 25. leaves 1.083 gin. The dry weight of the half stems attached to the whole leaves was 0.868 gm. while that of the half stems attached to the reduced leaves was only 0.765 gm. Hence the larger leaves sent 103 rag. more material (by dry weight) into the stems than did the smaller leaves. This mass of material which goes from the leaf into the stem is here used for callus formation and for that growth which gives rise to geotropic curvature when the stem is suspended horizontally. The next problem was to find out more accurately whether or not the curvature ofa stem suspended horizontally increases with the mass of the apical leaf.
In such experiments it is necessary to remember that the geotropic curvature of a stem is the resultant of two opposing forces. One is the excess of longitudinal growth of cortical tissue on the lower side of the stem suspended horizontally over that of the rest of the stem; the opposing force is the rigidity of the upper layers of the stem, chiefly the wood. When the wood is too hard, the stem cannot bend. The influence of equal masses of an apical leaf on the rate of geotropic curvature of two stems can only be equal if the rigidity of the wood is identical in the two stems, a condition which cannot often be fulfilled. Quantitative work of this kind must therefore be statistical; but it is only intended here to prove the validity of the mass law for geotropism in a semiquantitative way. It is necessary to select for experimentation only the more apical parts of the stems of young plants where the wood is still soft, or not too rigid, otherwise little or no curvature is possible. The method of the experiments is illustrated in Fig. 2 of this paper. Stems of about equal flexibility were selected and defoliated with the exception of one leaf at the apex. With the aid of a string around the petiole of the leaf, the stem was suspended in a moist aquarium. In order to secure a horizontal position of the stem, the latter was put on a wire netting bent in the shape of a U on the bottom of which the stem was allowed to rest (Fig. 2) . The meshes of the net were ½ inch and the squares of the wire netting made it easy to follow and measure the slope of geotropic curvature from day to day. It was found that under proper conditions this curvature increases with the mass of the leaf as intimated in Fig. 2 . Three stems (a, b, c) were selected, each having a leaf at the apex. The leaves in b and c were partly cut off so that the mass of the leaves in a, b, and c was roughly in the ratio of .1,1 1.~.~. The drawingwas made after 11 days. The figure shows that the degree of geotropic curvature in the three stems increased with the mass of the apical leaf, being a minimum in c and a maximum in a. When the stem contains no leaf, the curvature is a very slow process.
It seemed more accurate to modify the experiment by always comparing the rate of curvature of two halves of a stem split longitudinally as in Fig. 3 , a and b. A stem with a pair of apical leaves was split as accurately as possible in the middle between the two leaves and each half was suspended as shown in the figure. The leaf was on the lower side of the stem as in the preceding experiment, but while one leaf remained intact, part of the other was cut off, so that its mass was only about one-half of that of the whole leaf. Fig. 3 gives the curvature after 3 days, the curvature being greater where the mass of the leaf was greater. Fig. 4 gives the curvature of the t/co half stems a day later, and This experiment gives also an idea of the rapidity with which the curvature occurs at the temperature of the greenhouse (about24°C.).
It may finally be of interest to show that the rate of geotropic curvature of these half stems with an apical leaf attached occurred approximately in proportion with the mass of the leaf. In Fig. 6 the curvature of three half stems each with a whole leaf was compared with the curvature of the three sister halves each with a reduced leaf. All the three stems with whole leaves had reached about the same curvature as stem a, and therefore this one alone is reproduced here.
b, c, and d had bent approximately in proportion with the mass of the apical leaf attached.
Fie. 4. The same specimens as in Fig. 3 . May 12.
In Fig. 7 a stem was split longitudinally and both halves were suspended horizontally. One half had a leaf at the apex, while the other half had no leaf. The latter bent very slowly in comparison with the half which had an apical leaf attached, in accordance with the difference in the mass of material available for growth in the two half stems. It may be stated incidentally that the mass of shoots and roots regenerated by the half stem with a leaf was also considerably larger than the mass of shoots and roots formed in the half stem without leaf. The experiment lasted from April 10 to May 23.
The experiments with split stems give on the whole less reliable results than those with whole stems. Not only the unavoidable a leaf in the middle of the stem as ill Fig. 8 . In 2 days the part basal to the leaf showed the typical geotropic curvature; the part of the stem apical to the leaf did not bend. There was, perhaps, a tendency to bend in the opposite direction but the writer is not certain that this curvature is connected with growth. This and many sfinilar experiments on split or whole pieces of stem confirmed the fact that the leaf accelerates the geotropic curvature only in a basal piece of stem. This agrees with the idea suggested in the preceding paper 2 that the descending sap from a leaf reaches the cortical layers of tissue which give rise to root formation, callus formation, and incidentally to that longitudinal growth of the stem which causes geotropic curvature, while the ascending sap reaches only the most apical bud, causing it to grow into a shoot. Geotropic curvature of a horizontal stem is therefore accelerated only by a leaf when it is at the apical but not when it is at the basal end of the stem.
When the apical leaf is on the upper side of a piece of stem placed horizontally, it causes also geotropic curvature, though the rate of bending is probably a little smaller than when the leaf is situated on the lower side of the stem.
The theory of geotropic curvature of the stem of Bryophyllum calycinum when put in a horizontal position is then as follows. This curvature is determined by the excess of longitudinal growth of the cortical layers on the under side of the stem and this excess of growth increases with the mass of an apical leaf attached to the stem. The geotropic curvature is therefore a phenomenon of mass action of the material sent by the leaf into the stem or formed in the stem itself.
The fact that the material sent by an apical leaf into the stem collects in greater quantity on the lower side of a stem suspended horizontally may find its explanation in the assumption that under the influence of gravity the tissue sap collects on the lower side of such a stem.
SUMMARY.
1. It is shown that the rate of geotropic curvature of a piece of stem of BryophyUum calycinum when suspended horizontally increases with the mass of an apical leaf attached to the stem. Loeb, J., J. Gen. Physiol., v, 83t. 2. It is shown that the dry weight of the stem increases with the mass of the leaf attached and also that the degree of curvature increases with this increase in the dry weight of the stem.
3. The conclusion is drawn that geotropic curvature is in this case a function of mass action of the material sent by the leaf into the basal part of the stem.
4. The material sent by a leaf into the apical part of a stem does not lead to the same geotropic curvature.
